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Nile RiverAbstract Nile perch, Lates niloticus, are top predators in the Nile River’s, Lake Nasser, where they
support important commercial and recreational ﬁsheries; yet, anecdotal evidence indicates overﬁsh-
ing may be causing declines in population size structure. Little is known about Nile perch popula-
tion biology, movements, and habitat selection. In 2010, we began a pilot study in Lake Nasser to
investigate the Nile perch. One 33-kg Nile perch was successfully implanted with an ultrasonic
telemetry transmitter and tracked on two occasions for 12 h each time. Following a ‘‘resting’’ phase,
at sunset, the Nile perch crossed several km of pelagic zone to reach the far shoreline of the lake
where it spent the night foraging among the aquatic vegetation. Sensor data revealed that the ﬁsh’s
movements covered relatively narrow thermal and depth ranges. Interestingly, the ﬁsh’s transmitter
signal was reacquired 2 months later in the exact GPS location where it was initially caught suggest-
ing seasonally strong site ﬁdelity. Further tracking studies are needed to better understand Nile
perch life history and ecology in Lake Nasser in order to protect and conserve this valuable eco-
nomic resource.
ª 2014 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
The Nile perch, Lates niloticus, is native to central, western,
and eastern Africa including the major river systems of the
Congo, Volga, and Senegal as well as Lakes Chad and Tur-
kana and the Lake Nasser Reservoir of the Nile River (Froese,
2014). It is the largest apex ﬁsh predator of Lake Nasser and
the Nile River ecosystems reaching sizes over 2 m in length
and up to 200 kg in weight. This enigmatic predator has been
revered in Egyptian culture since antiquity being immortalized
66 J.R. Grubich, J. Odenkirkby mummiﬁcation during the reign of Ramses II (ca. 1300 BC)
(Nims, 1965). Geologically however, Nile Perch have evolved
over millions of years in the Nile River drainage and have
achieved a balance with the other species in the ﬁsh communi-
ties of the Nile River and Lake Nasser (Murray and Attia,
2004). In contrast, it was introduced for commercial ﬁshery
development (circa 1954) to the Great African Rift Lakes,
where it has adversely impacted Lake Victoria’s ﬁsh commu-
nity and caused the extinction of potentially hundreds of ende-
mic haplochromine cichlids that represent one of the great
evolutionary examples of adaptive radiations (Goldschmidt
et al., 1993). Although the ecological impacts of introduced
populations of Nile perch have been well documented on food
web dynamics (Ogutu-Ohwayo, 1993; Kitchell et al., 1997),
limited scientiﬁc information exists about Nile perch ecology
in their native habitats. The ﬁshery of Lake Nasser was valued
at over US $7 million nearly 30 years ago (Abdel-Latif, 1984)
making understanding its ecological role economically impor-
tant for Egyptian ﬁsheries.
Long term monitoring of the Nile perch population in Lake
Nasser is necessary to provide important biological and ecolog-
ical information about the Nile perch’s habitat utilization pat-
terns that will be critical for determining conservation and
ﬁshery management measures aimed at maintaining healthy
and sustainable populations in Lake Nasser (e.g. possible
time/area closures to protect spawning and/or recruitment refu-
gia). Radio telemetry and manual tracking have been used pre-
viously to obtain critical information on the movement, habitat
use, and distribution of large cichlids in the Zambezi River, Na-
mibia (Thorstad et al., 2012). Thus, the goal of this pilot study
was to assess the potential for developing a Lake Nasser Nile
perch Research Program using similar tagging and telemetry
techniques to improve our limited understanding of population
ecology, life history, and essential habitat of this commercially
and ecologically important species.
Materials and methods
Study area and tracking events
In 2010, we began a pilot study in Lake Nasser, Egypt (22 250
N, 31 450 E) with the cooperation of African Angler Safaris to
investigate the territory size and habitat selection of adult Nile
perch. Fish were captured with hook and line, weighed for
mass (g) and measured for total lengths (cm). Fish were im-
planted with a VEMCO dual sensor ultrasonic telemetry trans-
mitter (V16TP continuous). After consultations with VEMCO
engineers and review of the perch’s life history (Froese, 2014),
a minimum body size of 20 kg was chosen to minimize any del-
eterious effects of tag implantation and focus the research on
movement behaviors of sexually mature individuals. These
sensors simultaneously transmit depth and water temperature
data which is detected by a directional hydrophone placed in
the water and recorded to a VR-100 receiver that identiﬁes
the GPS location of the vessel and indicates the ﬁsh is within
500 m of that position. After meristic measurements were
taken, a small 5 cm incision was made just anterior to the
anus and the transmitter was embedded into the body cavity.
A suture is then used to close the incision and iodine antiseptic
was applied to prevent infection. Implantation surgery gener-
ally lasts less than 5 min and no anesthetics were necessary.Data analysis
The ﬁsh’s movement within the lake was continuously moni-
tored every 5 min for each 12 h track. Mean GPS positions,
depths, and temperatures for each track were determined by
averaging those parameters over half hour intervals at the
top and bottom of each hour and plotted using ArcView
GPS software version 10.1.
Results and discussion
On March 26th (Track 1), one 33-kg Nile perch was captured
with hook and line and successfully implanted with the ultra-
sonic telemetry tag. After implantation, the ﬁsh was then
immediately returned to the water around mid-day and revived
for less than 10 min at which point it was healthy enough to
swim away into the depths near the shoreline and allowed to
recover. Following a ‘‘resting’’ phase subsequent to the tagging
event, the ﬁsh was tracked for 12 h until stormy weather
forced cessation of tracking. Returning to the GPS location
of the original tagging event site on June 6th (Track 2), the ﬁsh
was relocated and tracked for another 12 h period. A third
tracking expedition was conducted in January 2011 at the same
location of Lake Nasser; however, after a 5 km linear search
was conducted on each side of the Lake to the north and south
of the tagging event site, we failed to relocate the transmitter
signal of this focal individual.
During these initial observations, this research was able to
successfully monitor the movement patterns of this adult Nile
perch for over 24 h across two separate tracking events.
Regarding the third expedition which failed to locate the tag’s
transmitter signal, it is possible the transmitter battery died.
However, we believe this to be less likely, since a ten-month
activation period is well within the 14-month lifespan of fac-
tory speciﬁcations. It is more likely that the ﬁsh migrated to
a different region of the lake for the winter or had been com-
mercially harvested during the seven month hiatus between
summer and winter tracking expeditions. Unfortunately, while
several other Nile perch were caught during these expeditions,
none were deemed to be suitable for the surgical implantation
of the V16TP telemetry tags without potentially harmful side
effects or loss of the tagged ﬁsh to large numbers of commer-
cial ﬁshermen in the certain areas.
Movement patterns and territory size
After the initial acoustic tagging (Track 1), the Nile perch re-
mained motionless at approximately 6 m depth for several day-
light hours at a rocky point near the entrance of a small wadi
(Fig. 1). At sunset, the ﬁsh began to move and swam southeast
3 km in a relatively linear fashion to the far shore of Lake Nas-
ser where we recorded it pacing a shallow island at about
3–4 m depth for several hours. Returning two months later
in June (Track 2), the ﬁsh’s transmitter signal was reacquired,
and the ﬁsh was found milling about at approximately 10–
12 m depth at virtually the exact same GPS position where it
was originally caught and tagged. Again, at sunset, the ﬁsh be-
gan to move and this time traveled west/southwest 1.5 km to a
small peninsula with a deep rocky ledge where it appeared to
slowly swim a circuit at around 8 m throughout the night
(Fig. 1). These two tracks indicated a minimum territory size
Figure 1 GPS plot showing movement patterns of a 33 kg Nile
perch (Lates niloticus) implanted with an ultrasonic acoustic
telemetry tag in Lake Nasser, Egypt. Arrows indicate the
directional movement of the ﬁsh for each monitoring event. The
large sphere represents the GPS position where the ﬁsh was
originally caught and found again over two months later.
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ﬁsh at the exact same coordinates after 2 months suggest some
level of site ﬁdelity. Acoustic studies have shown that strong
site ﬁdelity is a common trait of large marine groupers (Serra-
nidae) that inhabit rocky coral reefs and are active nocturnal
predators (Sadovy and Eklund, 1999; Pastor et al., 2009).
Habitat preference
Sensor data for the Nile perch revealed broad temperature and
depth ranges (Table 1). However, water temperature and depth
preferences for the perch varied considerably between the two
tracking dates (Table 2). This variation likely reﬂects ecologi-
cal shifts associated with increasing seasonal water tempera-
tures in Lake Nasser from March to June, as ambient air
temperatures rise from an average of 28 C in the spring to
over 40 C in summer months. As a result of these seasonal
air temperature changes, Lake Nasser is known to develop a
steep thermocline over the spring and summer between surfaceTable 1 Meristics and habitat information for tagged Nile perch, L
ID TL (mm) Mass (g) Depth ran
LN-06 1160 33000 1.1–17.4and middle depths (Iskaros and El Dardir, 2010). Indeed, in
the speciﬁc area where this perch resided (Korosko), the spring
and summer temperature differentials of the thermocline have
ranged from 5.7 to 10.22 C, respectively. Noteworthy from
these tracking events was a repeated behavioral pattern where
the ﬁsh lingered at deeper depths during daylight hours and
rose to shallower depths during twilight of sunset. The ﬁsh
then cruised these shallower depths for several hours during
the night where it was presumably foraging along lake margins
(Fig. 2). Whether this is a general pattern for large adult L. nil-
oticus needs to be veriﬁed with additional tracking data from
multiple individuals. Our pilot data at least appear to support
anecdotal information from artisanal and recreational ﬁsher-
men that perch are active nocturnal predators (Rickards and
Baily, 2008). Interestingly, diel habitat shifts have also been de-
tected for large coral reef predators such as the roaming giant
trevally, Caranx ignobilis (Meyer et al., 2007).
Lake Nasser commercial ﬁsheries
During the two monitoring events that occurred in the spring
and summer of 2010, the perch showed strong site ﬁdelity and
a moderate territory size. It also spent the majority of its ob-
served active foraging along the shallow edges of the lake dur-
ing night. These traits can make adult populations of Nile
perch susceptible to commercial overﬁshing as well as potential
bycatch mortality. During this pilot study, anecdotal observa-
tions of commercial ﬁshing on Lake Nasser were noteworthy.
Three main gear types are deployed by artisanal and commer-
cial ﬁsherman on Lake Nasser that target different ﬁsheries: (1)
small mesh barrier gill nets that are placed along aquatic veg-
etation of lake margins for harvesting popular Nile tilapia
(Oreochromis niloticus), (2) pelagic drift nets that target tiger-
ﬁsh (Hydrocynus forskalii) and Alestes (Alestes baremoze),
and (3) bottom longlines with baited hooks targeting vundu
(Heterobranchus longiﬁlis) and bagrus (Bagrus bayad) catﬁshes
as well as Nile perch. On June 7th 2010, we came across a
group of commercial ﬁshermen setting dozens of longlines on
a submerged promontory that had a high concentration of
medium size Nile perch (10–20 kg). Inspection of specimen go-
nads indicated recent spawning had occurred. When not man-
aged appropriately, targeting spawning aggregations by
commercial ﬁsheries has repeatedly led to declines of adult
reproductive biomass and subsequent cohort recruitment in
marine and freshwater ﬁsheries (Richards and Rago, 1999;
McClenachan, 2009; Walli et al., 2009). Bycatch mortality
from interactions with gill nets is another threat to adult perch.
On March 28th, a 26 kg perch was caught and found to have
several feet of a barrier gill net lodged in its pharyngeal arches
that was preventing it from feeding effectively. The ﬁsh had
presumably tried to consume forage caught in the net. Pelagic
gill nets may also be a hazard to migrating perch as evidence
from the fact that our individual swam across the lake at
approximately 4 m depth over the deepest portion of the lake
to its nocturnal foraging habitat. Commercial ﬁshing on Lake
Nasser has previously been promoted by organizations such asates niloticus, (n= 1).
ge (m) Temp range (C) Territory area (km2)
20.3–29.9 4.5
Table 2 Seasonal habitat utilization for tagged Nile perch, Lates niloticus, (n= 1).
Track Date Time Mean water temp (C) Mean depth (m)
1 03/26/2010 11:34–23:59 22.7 (±0.57) 4.18 (±1.43)
2 06/06/2010 18:05–05:41 28.3 (±0.52) 9.2 (± 2.11)
Figure 2 Depth proﬁles for the Nile perch over two separate
monitoring events. A demonstrable behavioral pattern was
repeated where the ﬁsh lingered deep during daylight hours and
rose to shallower depths to presumably begin nocturnal foraging
at sunset (indicated by arrows).
68 J.R. Grubich, J. Odenkirkthe U. N., and Nile perch were implicated as a potential can-
didate for increased exploitation (Abdel-Latif, 1984). It is un-
clear if current ﬁshing levels are sustainable or if ﬁshing
pressure has begun to exert recruitment overﬁshing effects
(Maceina and Pereira, 2007).
Future directions
While there have been global tagging research programs that
have tracked large marine predators (TOPP, 2000; IGFA
GMR, 2012), this is the ﬁrst pilot study to tag and track the enig-
matic giant Nile Perch. These preliminary results warrant more
acoustic tag deployments to validate the scope of these patterns
for this commercially and ecologically important African fresh-
water species. These initial insights into habitat preferences and
site ﬁdelity for Nile perch suggest promising future discoveries.
Unfortunately, difﬁculties in obtaining funding and the neces-
sary permits for broader scale research in Lake Nasser have
proved difﬁcult in light of the current economic and political
instability in Egypt. With the ongoing development of commer-
cial ﬁsheries on Lake Nasser, further research is undoubtedly
needed to assess the health of the lake’s perch population. This
type of ﬁeld research is fundamental to develop better conserva-
tion and management practices that will protect the unique bio-
diversity of LakeNasser and ensure sustainable recreational and
commercial uses of its important ﬁsheries.
Acknowledgments
We would like to thank Tim Baily, Ahmed Bushra, and You-
seff Mohammed as well as the crew of African Anglers Safarisfor their help and cooperation in piloting this study. Ali Fahmi
and Michael Chromey were instrumental in data gathering,
and Steve Owens provided technical assistance with GIS map-
ping. Hoff Productions, the National Geographic Channel,
and the American University in Cairo provided funding sup-
port for this research.
References
Abdel-Latif, A.F., 1984. Lake Nasser (Egypt), Status of African
ReservoirFisheries.CIFATechnical Paper10.FoodandAgriculture
Organization of the United Nations, Rome, Italy.
Froese, R., Pauly, D., (Eds.), 2014. FishBase. World Wide Web
electronic publication. Version (02/2014). Available from:
<www.ﬁshbase.org>.
Goldschmidt, T.F., Witte, E.B., Wanink, J.H., 1993. Cascading effects
of the introduced Nile perch on the detritivorous/phytoplanktivo-
rous species in the sublittoral areas of Lake Victoria. Conserv. Biol.
7, 686–700.
Iskaros, I.A., El Dardir, M., 2010. Factors affecting distribution and
abundance of bottom fauna in Lake Nasser, Egypt. Nat. Sci. 8 (7),
95–108.
Kitchell, F., Schindler, D.E., Ogutu-Ohwayo, R., Reinthal, P.N., 1997.
The Nile perch in Lake Victoria: interactions between predation
and ﬁsheries. Ecol. Appl. 7, 653–664.
Maceina, M.J., Pereira, D.L., 2007. Recruitment. In: Guy, C.S.,
Brown, M.L. (Eds.), Analysis and Interpretation of Freshwater
Fisheries Data. American Fisheries Society, Bethesda, Maryland,
pp. 121–185.
McClenachan, L., 2009. Historical declines of goliath grouper (Epi-
nephelus itajara) populations of South Florida, USA. Endanger.
Species Res. 7, 175–181.
Meyer, C.G., Holland, K.N., Papastamatiou, Y.P., 2007. Seasonal and
diel movements of giant trevally (Caranx ignobilis) at remote
Hawaiian atolls: implications for the design of marine protected
areas. Mar. Ecol. Prog. Ser. 333, 13–25.
Murray, A.M., Attia, Y.S., 2004. A new species of Lates (Teleostei:
Perciformes) from the lower Oligocene of Egypt. J. Vert. Paleo 24
(2), 299–308.
Nims, C.F., 1965. Thebes of the Pharaohs Pattern for Every City. Stein
& Day Publishers, London.
Ogutu-Ohwayo, R., 1993. The Effects of predation by Nile perch,
Lates niloticus L, on the ﬁsh of Lake Nabugabo, with suggestions
for conservation of endangered endemic cichlids. Conserv. Biol. 7,
701–711.
Pastor, J., Verdoit-Jarraya, M., Astruch, P., Dalias, N., Nelva
Pasqual, J., Saragoni, G., Lenfant, P., 2009. Acoustic telemetry
survey of the dusky grouper (Epinephelus marginatus) in the
marine reserve of Cerbe`re-Banyuls: informations on the
territoriality of this emblematic species. C.R. Biol. 332, 732–
740.
Richards, R.A., Rago, P.J., 1999. A case history of effective ﬁshery
management: Chesapeake Bay striped bass. N. Am. J. Fish.
Manage. 19, 356–375.
Rickards, B., Baily, T., 2008. Nile Perch: The Ultimate Guide to
Anglers. Crowood Press, London.
Sadovy, Y., Eklund, A.M., 1822. Synopsis of biological information
on the Nassau Grouper, Epinephelus striatus (Bloch 1792), and the
Movement patterns in the Nile perch 69jewﬁsh, E. itajara (Lichtenstein 1822). NOAA Tech Rep NMFS
146, Seattle, Washington, p. 65.
IGFA GMR, 2012. Great Marlin Race. International Game Fish
Association and Stanford University. Available from: <http://
greatmarlinrace.org/>.
TOPP, 2000. Tagging of Paciﬁc Predators. Available from: <http://
www.topp.org/>.
Thorstad, E.B., Hay, C.J., Okland, F., Naesje, T.F., 2012. Radio
tracking of African cichlids in a large ﬂoodplain river: challenges andresults from the Zambezi River in Namibia. In: Adams, N.S.,
Beeman, J.W., Eiler, J.H. (Eds.), Telemetry Techniques: A User
Guide for Fisheries Research. Amer Fish Soc, Bethesda, Maryland,
pp. 221–235.
Walli, A., Teo, S.L.H., Boustany, A., Farwell, C.J., Williams, T., 2009.
Seasonal movements, aggregations and diving behavior of Atlantic
blueﬁn tuna (Thunnus thynnus) revealed with archival tags.
PLoS One 4 (7), e6151. http://dx.doi.org/10.1371/journal.
pone.0006151.
